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Abstract: Purpose: To assess the correlation of carotid artery intimal medial thickness (C-IMT)
and carotid artery plaque score (CPS) of the common carotid artery with non-arteritic
anterior ischemic optic neuropathy (NAION) in hypertensive patients.
Methods: This case-control study recruited 192 subjects. 48 patients had NAION with
systemic hypertension, 46 had hypertension without visual complaints and 98 were
normal controls. C-IMT and common carotid arterial plaque were measured by high-
resolution vascular ultrasonography.
Results: High-density lipoprotein (HDL) in patients with NAION (1.24±0.31) was
significantly lower than that of the Hypertensive group (1.39±0.30, P=0.034). The C-
IMT in the affected side of patients with NAION (1.00±0.23) was significantly increased
compared to the unaffected side (0.83±0.19, P<0.001), the Hypertensive group
(0.83±0.17, P<0.001) and the Normal group (0.69±0.16, P<0.001). The presence of
carotid artery plaque was more frequent in the patients with NAION, compared to either
the Hypertensive group (P=0.001) or the Normal group (P<0.001). By multiple
regression analysis, lower high-density lipoprotein (HDL) (P=0.009), thicker C-IMT
(P=0.002), CPS Grade=1 (P=0.028) and Grade=2 (P=0.005) were associated with
Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation
increased NAION risk, when the NAION group compared with the Hypertensive group
(OR>1.0). Systolic blood pressure (P=0.001), thicker C-IMT (P<0.001), CPS Grade=1
(P=0.006), Grade=2 (P=0.002) and Grade=3 (P=0.015) were associated with
increased NAION risk, when the NAION group compared with the Normal group
(OR>1.0).
Conclusions: C-IMT and CPS were associated with NAION in hypertensive patients,
suggesting that NAION might be associated with carotid artery atherosclerosis. This
association may be due to similar pathological changes of the inner vascular walls in
the carotid artery and the arteries supplying the optic nerve head.
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Dear Editor, 
 
Non-arteritic anterior ischaemic optic neuropathy (NAION) is a common reason for sudden optic 
nerve-related visual loss in the middle-aged and elderly population. Although some specific 
aetiologies of NAION have been suggested, the exact causal mechanism is still unclear. Our 
previous study found the intima-media thickness of the common carotid artery (C-IMT) was greater 
on the side affected by NAION compared to normal controls but the relationship between artery 
atherosclerosis and NAION still remains unclear. Our new study measured C-IMT and thickness 
of carotid artery plaque using high-resolution ultrasonography; these two parameters are widely 
used to diagnose atherosclerosis. This study found that C-IMT and carotid artery plaque were 
associated with NAION in hypertensive patients with NAION, suggesting that NAION might be 
associated with carotid artery atherosclerosis.  
 
Graefe's Archive for Clinical and Experimental Ophthalmology is one of the most widely read 
journals in ophthalmology. We hope that you and your reviewers will agree that this manuscript 
will be of interest to the global readership. 
 
Best regards, 
Nathan Congdon 
PI 
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Dear Dr. Joussen, 
 
Thank you very much for your advice. We have revised the paper by addressing the comments 
raised by the reviewer, and the amendments are highlighted in red in the revised manuscript. We 
would like to thank the reviewers for their constructive and positive comments. Please see our 
response below. 
 
Response to Reviewer #1: 
Reviewer #1: A very interesting paper about AION and an association between the process of 
AION and the disease of the internal vessel wall. Because there is a significant correlation 
between the anatomy of the optic nerve head and rheological disorders in the pathogenesis of 
AION, you should avoid the impression, that a disease of the internal vessel wall of the carotid 
artery tributes significantly to AION. You stated correctly, that: "suggests the possibility of similar 
pathological changes in the context of intimal injury, thickening of muscular elastic layer, stenosis, 
increased vascular tone and impaired regulation of blood flow in the arteries supplying the optic 
disc. 
 
1-1. You should include this statement in the abstract at the end of conclusion: )Proposal:  
… . This association may be due to the same pathological changes of the inner vessel walls in 
carotid artery and the vessels supplying the optic nerve head.  
Thank you for your comment. Correction has been made in the revised version (please refer to 
conclusion of the abstract). 
 
1-2. The question you might discuss is the relevance of C-IMT in the routine evaluation of AION.  
Is there a need for this evaluation?  
Screening C-IMT and CPS with carotid artery ultrasound might be useful in evaluation of 
potential NAION, in particular those with high risk for carotid artery atherosclerosis. We have 
added this to the conclusion. 
 
1-3. Page 9 line 28- 34: Can you explain shortly, why you have this directive for the examination - 
for the inexperienced ophthalmologist? 
It is routine practice for vascular ultrasound in our hospital in order to achieve more accurate and 
objective measurements. 
  
1-4. Page 9 line 56-58: I do not understand the meaning of this statement.  
C-IMT was measured in both common carotid arteries in each subject. The result of each control 
group was the average of bilateral measurements. Correction has been made in the revised 
version (Please refer to paragraph 5 in the Methods section). 
 
1-5. Page 10 line 56-58: you do not really detect risk factors by statistic:  
…  was used to quantify the studied risk factors.  
Thank you for your comment. Correction has been made in the revised version (please refer to the 
statistical methods paragraph). 
Authors Click here to download Authors' Response to Reviewers'
Comments Author  response to reviews-2017 JUN 11
  
Response to Reviewer #2: 
 
Reviewer #2: In "Carotid artery intimal medial thickness and carotid artery plaques in 
hypertensive patients with non-arteritic anterior ischaemic optic neuropathy" compared carotid  
intimal medial thickness (C-IMT) and carotid artery plaque score (CPS) measures in 48 patients 
with non-arteritic anterior ischaemic optic neuropathy (NAION), 46 hypertension normally 
sighted patients, and 96 healthy control subjects.  
They found statistically significant higher C-IMT and CPS in group NAION than Hypertension and 
both shown higher values than controls. 
The data is interesting, and the article is well written, but, although it seems reasonable that a 
vascular change found at carotid artery could be related to the risk of NAION, some aspects of 
the methodology should be better explained. 
 
1. Methods seem to suggest that C-IMT and CPS were measured on the "ipisilateral carotid" for 
NAION group. Meaning the same side of the NAION eye. Please make it moreclear in the 
manuscript. 
C-IMT measurement of each side of carotid artery was repeated three times and the average was 
obtained for analysis. The result of each NAION patient was reported separately as 1) the average 
of the affected side (ipsilateral to the eye affected by NAION) and the average of the unaffected 
side (contralateral to the eye affected by NAION). The result of each control group was the 
average of bilateral measurements. Correction has been made in the revised version (Please refer 
to paragraph 5 in the Methods section). 
 
2. Measurements were performed 3 times and the greatest thickness was used. Why? Was the 
variability high? 
We are very sorry this was a typing mistake. It should be ‘Measurements were performed 3 times 
and the average thickness was used’. We have corrected this in the Methods. Each C-IMT 
measurement could be slightly variable due to noise; hence we averaged 3 repeated measurements.     
(Please refer to paragraph 5 in the Methods section). 
 
3. Did the contra-lateral carotid suggest that these patients were at risk for developing NAION on 
the contralateral eye? Since patients have been included since 2011, authors should have data 
about it. 
The C-IMT of the unaffected side of the NAION patients (0.83±0.19) was not different from that of 
the hypertension group (0.83±0.17, P=1.000), however, it was significantly higher compared to 
that of the healthy normal controls (0.83±0.19 vs. 0.69±0.16, P<0.001). In the absence of 
follow-up of the subjects, we do not know whether or not these contralateral eyes of the NAION 
patients were at risk for developing NAION. Further studies are needed to assess the change of 
carotid artery ultrasound findings as well as occurrence of NAION in the contralateral eye. We 
have clarified this in the revised manuscript (Please refer to paragraph 5 in the Discussion). 
 
4. Did the contralateral carotid also show higher thickness and scores than the hypertension 
group?  
The C-IMT of the unaffected side among NAION patients was not different from that of the 
Hypertensive group. We have added the C-IMT data of the contralateral carotid artery in 
paragraph 2 of the Results section and also Table 1. Since carotid artery plaque score in our study 
was determined by adding the CPS from each carotid artery, meaning only one CPS for each 
subject, there was no separate contralateral carotid score to compare with the hypertensive group. 
 
5. Author could inform how many patients were taking aspirin? 
No patients were taking aspirin and they had no history of cardiovascular or cerebrovascular 
disease. We have clarified this in the revised manuscript (Please refer to paragraph 1 in the 
Results).  
 
6. As for the data presentation, it would be interesting to see examples (1 or 2 cases) of the 
C-IMT and CPS measurements in a US picture, and the counterpart ipsilateral NAION optic nerve 
photography. 
We have added the US pictures and the fundus photographs of a typical NAION patient to the 
revised manuscript (Please refer to paragraph 3 in result and figure section).  
 
Also some conclusions cannot be supported by these data.  
7.   The fact that the hypertensive group showed slightly higher HDL than NAION patients might 
indicate that HDL is a good signal, but it doesn't mean that this alone has a 'protective' effect 
against NAION. 
Thank you for your comments. We have carefully revised the manuscript to reflect this point 
(Please refer to paragraph 4 in the Discussion).  
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Abstract 
Purpose: To assess the correlation of carotid artery intimal medial thickness (C-IMT) 
and carotid artery plaque score (CPS) of the common carotid artery with non-arteritic 
anterior ischemic optic neuropathy (NAION) in hypertensive patients.  
Methods: This case-control study recruited 192 subjects. 48 patients had NAION with 
systemic hypertension, 46 had hypertension without visual complaints and 98 were 
normal controls. C-IMT and common carotid arterial plaque were measured by 
high-resolution vascular ultrasonography. 
Results: High-density lipoprotein (HDL) in patients with NAION (1.24±0.31) was 
significantly lower than that of the hypertension Hypertensive group (1.39±0.30, 
P=0.034). The C-IMT in the affected side of patients with NAION (1.00±0.23) was 
significantly increased compared to the unaffected side (0.83±0.19, P<0.001), the 
hypertension Hypertensiveon group (0.83±0.17, P<0.001) and the normal Normal 
group (0.69±0.16, P<0.001). The presence of carotid artery plaque was more frequent 
in the patients with NAION, compared to either the hypertension Hypertensiveon 
group (P=0.001) or the normal Normal group (P<0.001). By multiple regression 
analysis, lower high-density lipoprotein (HDL) (P=0.009), thicker C-IMT (P=0.002), 
CPS Grade=1 (P=0.028) and Grade=2 (P=0.005) were associated with increased 
NAION risk, when the NAION group compared with the Hypertensive group 
(OR>1.0). Systolic blood pressure (P=0.001), thicker C-IMT (P<0.001), CPS 
Grade=1 (P=0.006), Grade=2 (P=0.002) and Grade=3 (P=0.015) were associated with 
increased NAION risk, when the NAION group compared with the normal Normal 
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group (OR>1.0). 
Conclusions: C-IMT and CPS were associated with NAION in hypertensive patients, 
suggesting that NAION might be associated with carotid artery atherosclerosis. This 
association may be due to similar pathological changes of the inner vascular walls in 
the carotid artery and the arteries supplying the optic nerve head. 
  
Key words: Non-arteritic anterior ischaemic optic neuropathy； Intimal medial 
thickness；Carotid artery plaque; Doppler sonography  
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Introduction 
 
Non-arteritic anterior ischaemic optic neuropathy (NAION) is the commonest form of 
acute optic neuropathies occurring in the middle-aged and elderly population [1], with 
an estimated prevalence of 1 in 4,500 in Chinese population aged over 40 years 
according to the Beijing Eye Study [2].  Some specific aetiologies of NAION have 
been suggested, but the exact causal mechanism still remains unclear. NAION is 
widely believed to be a consequence of vascular insufficiency proceeding to 
ischaemia of the optic nerve head, and is characterized by acute, painless visual loss 
and visual field defects [3]. Many risk factors for NAION have been identified, 
including small, crowded discs and traditional cardiovascular risk factors 
(hypertension, diabetes mellitus, dyslipidemia, and coronary artery disease) [4-5]. 
Hypertension is the commonest vasculopathic risk factor for NAION patients, 
accounting for 47 to 49% of cases [6]. 
 
Sanjari et al using high-resolution ultrasonography revealed that the intima-media 
thickness of the common carotid artery (C-IMT) on the affected side of NAION was 
thicker than that of the contralateral healthy side [7]，while our previous study found 
C-IMT was greater on the side affected by NAION compared to normal controls, but 
not different compared to the unaffected side of NAION patients [8].  
 
Endothelium-dependent flow-mediated vasodilation (FMD) of the brachial artery is a 
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validated, widely used and non-invasive measure in assessing overall endothelial 
function. Our previous study showed that dysfunctional endothelium (lower FMD) 
was associated with greater risk of NAION [9]. Dysfunctional endothelium may 
increase vascular tone and promote adhesion of monocytes and leucocytes as well as 
activation of platelets and formation of thrombus [10-11]. Grønholdt et al found a 
significant association between echolucent carotid artery plaque and embolic 
cerebrovascular accidents and suggested that the former could be used to predict the 
risk of developing stroke [12]. Kim et al reported in a case study that the presence of 
echolucent carotid artery plaque could be the embolic origin in causing NAION [13].  
In addition, Leisser C found NAION patients had statistically significantly more 
frequent small plaques in the internal carotid artery [14]. However, the relationship 
between carotid artery plaque and NAION still remains unclear.  
 
Our study was designed to assess C-IMT and carotid artery plaque of common carotid 
arteries in hypertensive patients with unilateral NAION and to evaluate their 
associations with NAION.   
 
Patients and Methods 
 
This study was approved by the Ethics Committee of Sun Yat-sen University, 
Guangzhou, China, written consent was provided by all study participants, and the 
tenets of the Declaration of Helsinki were followed throughout.  
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Consecutive, consenting participants aged 36 to 79 years meeting the below inclusion 
criteria were recruited between March 2011 and September 2016 at Zhongshan 
Ophthalmic Centre (ZOC) and the First Affiliated Hospital of Sun Yat-sen University. 
Blood pressure, C-IMT, carotid artery plaques and fasting (> 8 hours) blood samples 
were obtained from these eligible patients.  
 
Three patient groups were recruited including 1) NAION group (patients with both 
systemic hypertension [systolic blood pressure > 140 mmHg, diastolic blood pressure > 
90 mmHg or currently on antihypertensive medications] and unilateral NAION), 2)  
Hypertensive group (patients with systemic hypertension  and no visual complaints) 
and 3) Normal group (healthy volunteers who were normotensive, never used 
antihypertensive medications and had no family history of vascular disease, or 
personal history of visual problems). Patients in the Hypertensive group and Normal 
group experienced no acute visual loss or impaired visual function at the time of 
recruitment and were enrolled at First Affiliated Hospital of Sun Yat-sen University. 
Patients from the NAION group were recruited from both ZOC and First Affiliated 
Hospital of Sun Yat-sen University and participants from all three groups had a full 
ophthalmological assessment with slit-lamp biomicroscopy and dilated funduscopic 
examination by a 78-diopter lens.  
 
Exclusion criteria included: current pregnancy; current or recent (last 5 years) history 
of smoking; history of cardiovascular or cerebrovascular disease; diabetes mellitus; 
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dyslipidaemia; alcohol abuse; high erythrocyte sedimentation rate (ESR) or a history 
suspicious for giant cell arteritis.  
 
NAION was defined clinically as an acute presentation with painless loss of visual 
acuity in one eye, accompanied by relative afferent pupillary defect, optic disc 
oedema, visual field defect on automated perimetry and/or early filling defect of the 
disc by fluorescein angiography (FFA) in the affected eye, without evidence of other 
neurological, systemic or relevant ocular disease.  Blood pressure was checked in a 
sitting position after patients rested for 10 minutes; we obtained three3 measures and 
the mean was calculated. All participants were asked to fast for at least 8 hours, not to 
drink coffee for at least 2 hours and to rest for 15 minutes prior to the ultrasound 
examination. 
 
C-IMT was measured in both common carotid arteries 1 cm proximal to carotid artery 
bifurcation with a high-resolution vascular ultrasound probe  (5–12 MHz, GE 
VIVID7, USA) in longitudinal section, using B-mode. C-IMT was calculated from the 
distance between two echogenic lines represented by the lumen-intima interface and 
the media-adventitia of the arterial wall respectively. Each C-IMT measurement of the 
ipsilateraleach side of carotid artery was repeated three times and the average greatest  
carotid intima-media thickness was obtained for analysis. The result of each NAION 
patient was presented separately as 1) the average of the affected side (ipsilateral to 
the eye affected by NAION) and 2) the average of the unaffected side (contralateral to 
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the eye affected by NAION). The result for theof each control groups was the average 
of bilateral measurements. 
 
Carotid artery plaque was measured using the same ultrasound probe and defined as a 
focal thickening that encroaches into the lumen by 0.5 mm, by 50% of the 
surrounding C-IMT or by C-IMT of >1.5 mm according to the European Mannheim 
consensus [15-16]. All the plaques with maximum thickness in one carotid artery 
were measured regardless of plaque length and then the sum of these measurements 
were used to calculate carotid artery plaque score (CPS) [17].  Total CPS was 
calculated by adding the CPS from each carotid artery. Carotid artery plaque score 
was standardised as below: score of 0 when no plaques; score of 1 when both of the 
bilateral plaques were < 2 mm; score of 2 when plaque from one carotid artery was ≥2 
mm and the other was < 2 mm; and score of 3 when plaques from both carotid arteries 
were ≥2 mm [18]. All the ultrasound measurements were performed and reported by 
the same expert operator, who was masked to the subject’s medical condition. 
 
Statistical methods 
 
Results were presented as mean ± standard deviation (SD) for continuous data and 
frequency (proportion) for categorical data. One-way ANOVA for continuous 
variables, logistic regression for sex and ordinal logistic regression for CPS were used 
for comparing the NAION group with the Hypertensive and Normal groups, and the P 
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values of multiple comparisons underwent Bonferroni correction. Multinomial 
logistic regression was used to detect quantify the studied risk factors on NAION with 
Hypertensive and Normal groups as reference groups.  Variables with P<.05 in 
simple regression were included in the multiple regression model. Statistical analyses 
were performed using a commercially available software package (Stata 13.1, 
StataCorp, College Station TX, USA). Two-sided P<.05 was considered statistically 
significant for the main hypothesis. 
 
Results 
 
A total of 48, 46 and 98 patients were recruited in the NAION (mean [SD] age, 56.7 
[11.9] years; 19 male [39.6%]), Hypertensive (mean [SD] age, 56.5 [9.25] years; 24 
male [52.2%]) and Normal (mean [SD] age, 57.3 [10.9] years; 49 male [50.0%]) 
groups respectively (Table 1).  The mean duration for NAION was 12.2±3.6 days 
and the mean interval between onset of NAION and variable measurements was 
3.2±1.8 days. Among 48 patients in the NAION group, 36 (75%) were prescribed 
anti-hypertensive medications, which did not differ (P>0.999) from the proportion of 
patients who were receiving such medications in the Hypertensive group (34 of the 46 
subjects [74 %]) (Data was not presented in table.) No patients were taking aspirin in 
any of the three groups. 
 
No significant differences were observed with regard to age and gender between these 
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groups and no difference was found between the three groups from laboratory 
parameters (Table 1). The systolic blood pressure (SBP) was significantly higher 
among patients in NAION group (135.6±16.3) compared to the Normal group 
(120.8±10.0, P<0.001); however, no difference was detected between the NAION 
group and the Hypertensive group (134.8±15.7, P=1.00) (Table 1). The C-IMT on the 
affected side of the patients with NAION (1.00±0.23) was significantly higher 
compared to the unaffected side (0.83±0.19, P<0.001). This measurement was also 
significantly higher than that in the Hypertensive group (0.83±0.17, P<0.001) and in 
the Normal group (0.69±0.16, P<0.001). The C-IMT of the unaffected side of NAION 
patients was not different from that of the Hypertensive group (P=1.000), however, it 
was significantly higher compared to that of healthy normal subjects (0.83±0.19 vs. 
0.69±0.16, P<0.001). The CPS was more frequent in the patients with NAION, 
comparing to either the Hypertensive group (P=0.001) or the Normal group 
(P<0.001).  
 
Figure 1 shows Doppler imaging and the ipsilateral fundus photographs of a typical 
patient with unilateral NAION, including the images of the bilateral C-IMT, carotid 
artery plaque of maximum thickness, and bilateral fundus photographs. 
 
Table 2 presented the multiple regression analysis of potential risk factors for NAION 
group compared with Hypertensive and Normal groups. Our results showed that when 
comparing with Hypertension group, thicker C-IMT (OR, 28.4; 95% CI, 1.74- 464.5, 
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P=0.002), the carotid artery plaques of grade 1 (OR,3.78; 95% CI, 1.15-12.4, P=0.028) 
and grade 2 (OR, 8.84; 95% CI,1.91-40.8, P=0.005) were predictive for the 
development of NAION; whereas higher level of high-density lipoprotein (HDL) (OR, 
0.11; 95% CI, 0.02-0.58, P=0.009) were associated with lower risk of NAION. While 
comparing with Normal group, higher SBP (OR, 1.07; 95% CI, 1.03-1.12, P=0.001), 
thicker C-IMT (OR, 2351.4; 95% CI, 145.6- >9999, P<0.001), the CPS of grade 1 
(OR, 5.71; 95% CI, 1.67-19.5, P=0.006), grade 2 (OR, 11.4; 95% CI, 2.46-52.4, 
P=0.002) and grade 3 (OR, 21.5; 95% CI, 1.81-254.7, P=0.015) were predictive for 
the development of NAION. 
 
Discussion 
Our study demonstrated increased C-IMT and higher prevalence of carotid artery 
plaque were found in middle-aged and elderly hypertensive patients with NAION 
compared to the control groups, indicating NAION may be associated with carotid 
artery atherosclerosis.  
 
High-resolution carotid artery ultrasonography has been gaining acceptance as a 
non-invasive measure of preclinical atherosclerosis since the late 1980s [19]. 
Detecting carotid plaque formation and measuring C-IMT by ultrasonography is 
critical in the diagnosis of atherosclerosis.  Although Fry et al found development of 
anterior ischemic optic neuropathy (AION) is not associated with carotid artery 
atherosclerosis, their study was limited by a size of only 15 participants, 
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undifferentiation of non-arteritic AION and arteritic AION and also carotid stenosis 
measurement at a mixture of carotid artery locations; furthermore, their definition of 
significant carotid stenosis was controversial [20]. In contrast, our study measured 
IMT of common carotid artery (C-IMT) and thickness of carotid artery plaque using 
high-resolution ultrasonography; these two parameters are widely used to diagnose 
atherosclerosis, which is consistent with our previously published study [8]. By 
comparing Hypertensive and Normal groups as controls, we also found that C-IMT 
was significantly thicker on the affected side of the NAION patients compared to the 
contralateral side as well as to the measurement in the control groups. The current 
study also demonstrated increased C-IMT was significantly associated with ipsilateral 
NAION. Furthermore, we established that CPS was much more severe in patients 
with NAION comparing with either the Hypertensive group or the Normal group. 
Carotid artery plaque grade 1 and grade 2 were significantly associated with NAION, 
supporting the observation made by Kim and colleagues [13]. 
 
Our study was also consistent with the conclusion made by Şahin M et al that 
atherosclerosis accompanying hypertension plays an important role in the 
pathogenesis of NAION [21]. It is widely believed that the development of NAION is 
a consequence of multiple factors, including systemic haemodynamic disorders and 
local anatomical factors [6, 22]. In NAION, ischaemic infarction of the optic nerve 
head is secondary to poor perfusion of short posterior ciliary artery. Macro and micro 
vascular disorders play a key role in the pathogenesis of reduced perfusion [23]. 
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Hypertension causes arterial endothelial dysfunction and disrupts release of 
vasoactive factors, predominantly nitric oxide (NO), where NO acts as a vasodilator 
[24].Therefore, dysfunctional endothelium may increase vascular tone, worsen 
vasodilation and cause vasoconstriction. Hypertension will further lead to 
intima-media thickening, stenosis, and formation of atherosclerotic plaques of carotid 
artery. This suggests the possibility of similar pathological changes in the context of 
intimal injury, thickening of muscular elastic layer, stenosis, increased vascular tone 
and impaired regulation of blood flow in the arteries supplying the optic disc. This 
ultimately results in hypoperfusion of the optic disc and hence development of 
NAION. 
 
We also found that a higher level of HDL had a ‘protective’ effect in the development 
of NAION in hypertensive patients when comparing the NAION group with 
Hypertensive group that a slightly higher level of HDL in the Hypertensive group than 
in the NAION Group, which might indicate that HDL is a marker for good outcomes; 
this is consistent with the statement made by Zotz and colleagues that a low level of 
HDL was associated with the development of NAION [25]. This phenomenon was not 
observed when comparing against the Normal group, hence further studies are needed 
for clarification.  
 
There were some limitations to the present study. Firstly, we measured C-IMT and 
plaque formation from the common carotid artery instead of the retrobulbar artery, as 
Commented [ZHU7]: Reviewer 2, Comment 2.7 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
14 
 
non-invasive method to reliably measure retrobulbar artery has yet been found. In 
addition, larger scale studies involving co-morbidities other than just hypertension 
and patients with races other than Chinese Asian would be helpful to further 
determine the pathogenic mechanisms of NAION. In the absence of follow-up of the 
subjects, we do not know whether or not these contralateral eyes of the NAION 
patients were at risk for developing NAION. Further studies are also needed to assess 
the change of carotid artery ultrasound findings as well as occurrence of NAION in 
the contralateral eye.  
 
Our study concluded that C-IMT and carotid artery plaque were associated with 
NAION in hypertensive patients with NAION, suggesting that NAION might be 
associated with carotid artery atherosclerosis. This association may be due to the 
similar pathological changes occurring in the inner vascular wall of the carotid artery 
and the arteries supplying the optic nerve head. Screening C-IMT and CPS with 
carotid artery ultrasound might be useful in the evaluation of potential NAION, in 
particular among those patients with risk factors for carotid artery atherosclerosis. 
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Figure 
Fig. 1 Doppler imaging and the counterpart ipsilateral fundus photographs of a typical 
patient with unilateral non-arteritic anterior ischaemic optic neuropathy (NAION) in 
the left eye. a the intima-media thickness of common carotid artery (C-IMT) of the 
affected side; b the C-IMT of the healthy side; c the carotid artery plaque of the 
affected side, the arrow indicates the carotid artery plaque of maximum thickness; d 
the fundus photograph of the affected eye; e the fundus photograph of the healthy eye 
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Table 1  Participant’s characteristics of the patients with NAION and the controls (Data was 
presented as Mean (SD), otherwise as noted.)  
 
Characteristics All    
(n=192) 
NAION 
(n=48,25%) 
(1) 
Hypertension 
(n=46,24%) 
(2) 
Normal 
(n=98,51%) 
(3) 
P value 
for 
(1)vs.(2)† 
P value 
for 
(1)vs.(3)†   
Clinical data       
Age 56.9 (10.8) 56.7 (11.9) 56.5 (9.25) 57.3 (10.9) 1.000 1.000 
Male, n (%) 92 (47.9) 19 (39.6) 24 (52.2) 49 (50.0) 0.444 0.474 
BMI 23.1 (3.00) 23.6 (3.35) 22.8 (2.74) 23.0 (2.93) 0.328 0.443 
SBP 127.9 (15.1) 135.6(16.3)  134.8 (15.7) 120.8(10.0) 1.000 <0.001 
DBP 73.5 (8.05) 74.9 (7.96) 75.9 (8.21) 71.7 (7.68) 1.000 0.046 
Laboratory data      
CHO 5.16 (0.86) 4.93 (0.93) 5.26 (0.66) 5.22 (0.89) 0.129 0.122 
LDL 3.22 (0.69) 3.07 (0.86) 3.36 (0.66) 3.22 (0.61) 0.087 0.429 
HDL 1.29 (0.31) 1.24 (0.31) 1.39 (0.30) 1.26 (0.31) 0.034 1.000 
TG 1.33 (0.59) 1.42 (0.61) 1.30 (0.56) 1.30 (0.59) 0.593 0.502 
FBG 5.22 (0.59) 5.19 (0.63) 5.12 (0.54) 5.28 (0.59) 1.000 0.775 
UA 293.8(58.4) 305.2(66.4) 286.1 (62.8) 291.8(51.5) 0.226 0.383 
Vascular data           
BD 3.58 (0.55) 3.54 (0.51) 3.70 (0.62) 3.55 (0.53) 0.351 1.000 
C-IMT* 0.80 (0.22) 1.00 (0.23) 0.83 (0.17) 0.69 (0.16) <0.001 <0.001 
C-IMT§ 0.76 (0.18) 0.83 (0.19) 0.83 (0.17) 0.69 (0.16) 1.000 <0.001 
CPS, n (%)     0.001 <0.001 
0 123 (64.1) 13 (27.1) 31 (67.4) 79 (80.6)   
1 36 (18.7) 16 (33.3) 7 (15.2) 13 (13.3)   
2 22 (11.5) 14 (29.2) 3 (6.52) 5 (5.10)   
3 11 (5.73) 5 (10.4) 5 (10.9) 1 (1.02)   
SD, Standard deviation; NAION, non-arteritic anterior ischaemic optic neuropathy; BMI, body mass index; BP, 
blood pressure; SBP, systolic blood pressure, DBP, diastolic blood pressure; CHO, cholesterol; HDL, high-density 
lipoprotein; LDL, low-density lipoprotein; TG, triglyceride; FBG, fasting blood glucose; UA, Uric Acid; BD, 
Baseline diameter; C-IMT, intima-media thickness of the common carotid artery; CPS, carotid artery plaque score 
* Data for the side with NAION was reported. 
§ Data for the unaffected side of the NAION patient was reported.  
† Logistic regression for sex, ordinal logistic regression for carotid artery plaque score and One-way ANOVA for 
other variables were used for multiple comparisons. The P values were presented with Bonferroni correction. 
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Table 2  Multinomial logistic regression of potential factors on the presence of NAION compared with 
the Hypertension and Normal group 
Variable Hypertension as Reference*  Normal as Reference* 
OR (95% CI) P value  OR (95% CI) P value 
SBP    1.07 (1.03, 1.12) 0.001 
HDL 0.11 (0.02, 0.58) 0.009    
C-IMT† 45.0 (3.86, 525.8) 0.002  2351.4 (145.6, >9999) <0.001 
CPS      
0 Reference   Reference  
1 3.78 (1.15, 12.4) 0.028  5.71 (1.67, 19.5) 0.006 
2 8.84 (1.91, 40.8) 0.005  11.4 (2.46, 52.4) 0.002 
3 2.66 (0.56, 12.6) 0.218  21.5 (1.81, 254.7) 0.015 
OR, Odds ratio; BMI, body mass index; BP, blood pressure; SBP, systolic blood pressure, DBP, diastolic blood 
pressure; CHO, cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglyceride; FBG, 
fasting blood glucose; UA, Uric Acid; BD, Baseline diameter; C-IMT, intima-media thickness of the common carotid 
artery; NAION, non-arteritic anterior ischaemic optic neuropathy; CPS, carotid artery plaque score 
† Data for the side with NAION was used. 
* Variables with P<0.05 in simple regression were included in the multiple regression model. 
 
 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
1 
 
Carotid artery intimal medial thickness and carotid artery 
plaques in hypertensive patients with non-arteritic anterior 
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Abstract 
Purpose: To assess the correlation of carotid artery intimal medial thickness (C-IMT) 
and carotid artery plaque score (CPS) of the common carotid artery with non-arteritic 
anterior ischemic optic neuropathy (NAION) in hypertensive patients.  
Methods: This case-control study recruited 192 subjects. 48 patients had NAION with 
systemic hypertension, 46 had hypertension without visual complaints and 98 were 
normal controls. C-IMT and common carotid arterial plaque were measured by 
high-resolution vascular ultrasonography. 
Results: High-density lipoprotein (HDL) in patients with NAION (1.24±0.31) was 
significantly lower than that of the Hypertensive group (1.39±0.30, P=0.034). The 
C-IMT in the affected side of patients with NAION (1.00±0.23) was significantly 
increased compared to the unaffected side (0.83±0.19, P<0.001), the Hypertensive 
group (0.83±0.17, P<0.001) and the Normal group (0.69±0.16, P<0.001). The 
presence of carotid artery plaque was more frequent in the patients with NAION, 
compared to either the Hypertensive group (P=0.001) or the Normal group (P<0.001). 
By multiple regression analysis, lower high-density lipoprotein (HDL) (P=0.009), 
thicker C-IMT (P=0.002), CPS Grade=1 (P=0.028) and Grade=2 (P=0.005) were 
associated with increased NAION risk, when the NAION group compared with the 
Hypertensive group (OR>1.0). Systolic blood pressure (P=0.001), thicker C-IMT 
(P<0.001), CPS Grade=1 (P=0.006), Grade=2 (P=0.002) and Grade=3 (P=0.015) were 
associated with increased NAION risk, when the NAION group compared with the 
Normal group (OR>1.0). 
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Conclusions: C-IMT and CPS were associated with NAION in hypertensive patients, 
suggesting that NAION might be associated with carotid artery atherosclerosis. This 
association may be due to similar pathological changes of the inner vascular walls in 
the carotid artery and the arteries supplying the optic nerve head. 
  
Key words: Non-arteritic anterior ischaemic optic neuropathy； Intimal medial 
thickness；Carotid artery plaque; Doppler sonography  
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Introduction 
 
Non-arteritic anterior ischaemic optic neuropathy (NAION) is the commonest form of 
acute optic neuropathies occurring in the middle-aged and elderly population [1], with 
an estimated prevalence of 1 in 4,500 in Chinese population aged over 40 years 
according to the Beijing Eye Study [2].  Some specific aetiologies of NAION have 
been suggested, but the exact causal mechanism still remains unclear. NAION is 
widely believed to be a consequence of vascular insufficiency proceeding to 
ischaemia of the optic nerve head, and is characterized by acute, painless visual loss 
and visual field defects [3]. Many risk factors for NAION have been identified, 
including small, crowded discs and traditional cardiovascular risk factors 
(hypertension, diabetes mellitus, dyslipidemia, and coronary artery disease) [4-5]. 
Hypertension is the commonest vasculopathic risk factor for NAION patients, 
accounting for 47 to 49% of cases [6]. 
 
Sanjari et al using high-resolution ultrasonography revealed that the intima-media 
thickness of the common carotid artery (C-IMT) on the affected side of NAION was 
thicker than that of the contralateral healthy side [7]，while our previous study found 
C-IMT was greater on the side affected by NAION compared to normal controls, but 
not different compared to the unaffected side of NAION patients [8].  
 
Endothelium-dependent flow-mediated vasodilation (FMD) of the brachial artery is a 
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validated, widely used and non-invasive measure in assessing overall endothelial 
function. Our previous study showed that dysfunctional endothelium (lower FMD) 
was associated with greater risk of NAION [9]. Dysfunctional endothelium may 
increase vascular tone and promote adhesion of monocytes and leucocytes as well as 
activation of platelets and formation of thrombus [10-11]. Grønholdt et al found a 
significant association between echolucent carotid artery plaque and embolic 
cerebrovascular accidents and suggested that the former could be used to predict the 
risk of developing stroke [12]. Kim et al reported in a case study that the presence of 
echolucent carotid artery plaque could be the embolic origin in causing NAION [13].  
In addition, Leisser C found NAION patients had statistically significantly more 
frequent small plaques in the internal carotid artery [14]. However, the relationship 
between carotid artery plaque and NAION still remains unclear.  
 
Our study was designed to assess C-IMT and carotid artery plaque of common carotid 
arteries in hypertensive patients with unilateral NAION and to evaluate their 
associations with NAION.   
 
Patients and Methods 
 
This study was approved by the Ethics Committee of Sun Yat-sen University, 
Guangzhou, China, written consent was provided by all study participants, and the 
tenets of the Declaration of Helsinki were followed throughout.  
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Consecutive, consenting participants aged 36 to 79 years meeting the below inclusion 
criteria were recruited between March 2011 and September 2016 at Zhongshan 
Ophthalmic Centre (ZOC) and the First Affiliated Hospital of Sun Yat-sen University. 
Blood pressure, C-IMT, carotid artery plaques and fasting (> 8 hours) blood samples 
were obtained from these eligible patients.  
 
Three patient groups were recruited including 1) NAION group (patients with both 
systemic hypertension [systolic blood pressure > 140 mmHg, diastolic blood pressure > 
90 mmHg or currently on antihypertensive medications] and unilateral NAION), 2)  
Hypertensive group (patients with systemic hypertension and no visual complaints) 
and 3) Normal group (healthy volunteers who were normotensive, never used 
antihypertensive medications and had no family history of vascular disease, or 
personal history of visual problems). Patients in the Hypertensive group and Normal 
group experienced no acute visual loss or impaired visual function at the time of 
recruitment and were enrolled at First Affiliated Hospital of Sun Yat-sen University. 
Patients from the NAION group were recruited from both ZOC and First Affiliated 
Hospital of Sun Yat-sen University and participants from all three groups had a full 
ophthalmological assessment with slit-lamp biomicroscopy and dilated funduscopic 
examination by a 78-diopter lens.  
 
Exclusion criteria included: current pregnancy; current or recent (last 5 years) history 
of smoking; history of cardiovascular or cerebrovascular disease; diabetes mellitus; 
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dyslipidaemia; alcohol abuse; high erythrocyte sedimentation rate (ESR) or a history 
suspicious for giant cell arteritis.  
 
NAION was defined clinically as an acute presentation with painless loss of visual 
acuity in one eye, accompanied by relative afferent pupillary defect, optic disc 
oedema, visual field defect on automated perimetry and/or early filling defect of the 
disc by fluorescein angiography (FFA) in the affected eye, without evidence of other 
neurological, systemic or relevant ocular disease.  Blood pressure was checked in a 
sitting position after patients rested for 10 minutes; we obtained three measures and 
the mean was calculated. All participants were asked to fast for at least 8 hours, not to 
drink coffee for at least 2 hours and to rest for 15 minutes prior to the ultrasound 
examination. 
 
C-IMT was measured in both common carotid arteries 1 cm proximal to carotid artery 
bifurcation with a high-resolution vascular ultrasound probe (5–12 MHz, GE VIVID7, 
USA) in longitudinal section, using B-mode. C-IMT was calculated from the distance 
between two echogenic lines represented by the lumen-intima interface and the 
media-adventitia of the arterial wall respectively. C-IMT measurement of each side of 
carotid artery was repeated three times and the average carotid intima-media thickness 
was obtained for analysis. The result of each NAION patient was presented separately 
as 1) the average of the affected side (ipsilateral to the eye affected by NAION) and 2) 
the average of the unaffected side (contralateral to the eye affected by NAION). The 
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result for the control groups was the average of bilateral measurements. 
 
Carotid artery plaque was measured using the same ultrasound probe and defined as a 
focal thickening that encroaches into the lumen by 0.5 mm, by 50% of the 
surrounding C-IMT or by C-IMT of >1.5 mm according to the European Mannheim 
consensus [15-16]. All the plaques with maximum thickness in one carotid artery 
were measured regardless of plaque length and then the sum of these measurements 
were used to calculate carotid artery plaque score (CPS) [17].  Total CPS was 
calculated by adding the CPS from each carotid artery. Carotid artery plaque score 
was standardised as below: score of 0 when no plaques; score of 1 when both of the 
bilateral plaques were < 2 mm; score of 2 when plaque from one carotid artery was ≥2 
mm and the other was < 2 mm; and score of 3 when plaques from both carotid arteries 
were ≥2 mm [18]. All the ultrasound measurements were performed and reported by 
the same expert operator, who was masked to the subject’s medical condition. 
 
Statistical methods 
 
Results were presented as mean ± standard deviation (SD) for continuous data and 
frequency (proportion) for categorical data. One-way ANOVA for continuous 
variables, logistic regression for sex and ordinal logistic regression for CPS were used 
for comparing the NAION group with the Hypertensive and Normal groups, and the P 
values of multiple comparisons underwent Bonferroni correction. Multinomial 
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logistic regression was used to quantify the studied risk factors on NAION with 
Hypertensive and Normal groups as reference groups.  Variables with P<.05 in 
simple regression were included in the multiple regression model. Statistical analyses 
were performed using a commercially available software package (Stata 13.1, 
StataCorp, College Station TX, USA). Two-sided P<.05 was considered statistically 
significant for the main hypothesis. 
 
Results 
 
A total of 48, 46 and 98 patients were recruited in the NAION (mean [SD] age, 56.7 
[11.9] years; 19 male [39.6%]), Hypertensive (mean [SD] age, 56.5 [9.25] years; 24 
male [52.2%]) and Normal (mean [SD] age, 57.3 [10.9] years; 49 male [50.0%]) 
groups respectively (Table 1).  The mean duration for NAION was 12.2±3.6 days 
and the mean interval between onset of NAION and variable measurements was 
3.2±1.8 days. Among 48 patients in the NAION group, 36 (75%) were prescribed 
anti-hypertensive medications, which did not differ (P>0.999) from the proportion of 
patients who were receiving such medications in the Hypertensive group (34 of the 46 
subjects [74 %]) (Data was not presented in table.) No patients were taking aspirin in 
any of the three groups. 
 
No significant differences were observed with regard to age and gender between these 
groups and no difference was found between the three groups from laboratory 
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parameters (Table 1). The systolic blood pressure (SBP) was significantly higher 
among patients in NAION group (135.6±16.3) compared to the Normal group 
(120.8±10.0, P<0.001); however, no difference was detected between the NAION 
group and the Hypertensive group (134.8±15.7, P=1.00) (Table 1). The C-IMT on the 
affected side of the patients with NAION (1.00±0.23) was significantly higher 
compared to the unaffected side (0.83±0.19, P<0.001). This measurement was also 
significantly higher than that in the Hypertensive group (0.83±0.17, P<0.001) and in 
the Normal group (0.69±0.16, P<0.001). The C-IMT of the unaffected side of NAION 
patients was not different from that of the Hypertensive group (P=1.000), however, it 
was significantly higher compared to that of healthy normal subjects (0.83±0.19 vs. 
0.69±0.16, P<0.001). CPS was more frequent in patients with NAION, comparing to 
either the Hypertensive group (P=0.001) or the Normal group (P<0.001).  
 
Figure 1 shows Doppler imaging and the ipsilateral fundus photographs of a typical 
patient with unilateral NAION, including the images of the bilateral C-IMT, carotid 
artery plaque of maximum thickness, and bilateral fundus photographs. 
 
Table 2 presented the multiple regression analysis of potential risk factors for NAION 
group compared with Hypertensive and Normal groups. Our results showed that when 
comparing with Hypertension group, thicker C-IMT (OR, 28.4; 95% CI, 1.74- 464.5, 
P=0.002), the carotid artery plaques of grade 1 (OR,3.78; 95% CI, 1.15-12.4, P=0.028) 
and grade 2 (OR, 8.84; 95% CI,1.91-40.8, P=0.005) were predictive for the 
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development of NAION; whereas higher level of high-density lipoprotein (HDL) (OR, 
0.11; 95% CI, 0.02-0.58, P=0.009) were associated with lower risk of NAION. While 
comparing with Normal group, higher SBP (OR, 1.07; 95% CI, 1.03-1.12, P=0.001), 
thicker C-IMT (OR, 2351.4; 95% CI, 145.6- >9999, P<0.001), the CPS of grade 1 
(OR, 5.71; 95% CI, 1.67-19.5, P=0.006), grade 2 (OR, 11.4; 95% CI, 2.46-52.4, 
P=0.002) and grade 3 (OR, 21.5; 95% CI, 1.81-254.7, P=0.015) were predictive for 
the development of NAION. 
 
Discussion 
Our study demonstrated increased C-IMT and higher prevalence of carotid artery 
plaque were found in middle-aged and elderly hypertensive patients with NAION 
compared to the control groups, indicating NAION may be associated with carotid 
artery atherosclerosis.  
 
High-resolution carotid artery ultrasonography has been gaining acceptance as a 
non-invasive measure of preclinical atherosclerosis since the late 1980s [19]. 
Detecting carotid plaque formation and measuring C-IMT by ultrasonography is 
critical in the diagnosis of atherosclerosis. Although Fry et al found development of 
anterior ischemic optic neuropathy (AION) is not associated with carotid artery 
atherosclerosis, their study was limited by a size of only 15 participants, 
undifferentiation of non-arteritic AION and arteritic AION and also carotid stenosis 
measurement at a mixture of carotid artery locations; furthermore, their definition of 
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significant carotid stenosis was controversial [20]. In contrast, our study measured 
IMT of common carotid artery (C-IMT) and thickness of carotid artery plaque using 
high-resolution ultrasonography; these two parameters are widely used to diagnose 
atherosclerosis, which is consistent with our previously published study [8]. By 
comparing Hypertensive and Normal groups as controls, we also found that C-IMT 
was significantly thicker on the affected side of the NAION patients compared to the 
contralateral side as well as to the measurement in the control groups. The current 
study also demonstrated increased C-IMT was significantly associated with ipsilateral 
NAION. Furthermore, we established that CPS was much more severe in patients 
with NAION comparing with either the Hypertensive group or the Normal group. 
Carotid artery plaque grade 1 and grade 2 were significantly associated with NAION, 
supporting the observation made by Kim and colleagues [13]. 
 
Our study was also consistent with the conclusion made by Şahin M et al that 
atherosclerosis accompanying hypertension plays an important role in the 
pathogenesis of NAION [21]. It is widely believed that the development of NAION is 
a consequence of multiple factors, including systemic haemodynamic disorders and 
local anatomical factors [6, 22]. In NAION, ischaemic infarction of the optic nerve 
head is secondary to poor perfusion of short posterior ciliary artery. Macro and micro 
vascular disorders play a key role in the pathogenesis of reduced perfusion [23]. 
Hypertension causes arterial endothelial dysfunction and disrupts release of 
vasoactive factors, predominantly nitric oxide (NO), where NO acts as a vasodilator 
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[24].Therefore, dysfunctional endothelium may increase vascular tone, worsen 
vasodilation and cause vasoconstriction. Hypertension will further lead to 
intima-media thickening, stenosis, and formation of atherosclerotic plaques of carotid 
artery. This suggests the possibility of similar pathological changes in the context of 
intimal injury, thickening of muscular elastic layer, stenosis, increased vascular tone 
and impaired regulation of blood flow in the arteries supplying the optic disc. This 
ultimately results in hypoperfusion of the optic disc and hence development of 
NAION. 
 
We also found slightly higher level of HDL in the Hypertensive group than in the 
NAION Group, which might indicate that HDL is a marker for good outcomes; this is 
consistent with the statement made by Zotz and colleagues that a low level of HDL 
was associated with the development of NAION [25]. This phenomenon was not 
observed when comparing against the Normal group, hence further studies are needed 
for clarification.  
 
There were some limitations to the present study. Firstly, we measured C-IMT and 
plaque formation from the common carotid artery instead of the retrobulbar artery, as 
non-invasive method to reliably measure retrobulbar artery has yet been found. In 
addition, larger scale studies involving co-morbidities other than just hypertension 
and patients with races other than Chinese Asian would be helpful to further 
determine the pathogenic mechanisms of NAION. In the absence of follow-up of the 
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subjects, we do not know whether or not these contralateral eyes of the NAION 
patients were at risk for developing NAION. Further studies are also needed to assess 
the change of carotid artery ultrasound findings as well as occurrence of NAION in 
the contralateral eye.  
 
Our study concluded that C-IMT and carotid artery plaque were associated with 
NAION in hypertensive patients with NAION, suggesting that NAION might be 
associated with carotid artery atherosclerosis. This association may be due to the 
similar pathological changes occurring in the inner vascular wall of the carotid artery 
and the arteries supplying the optic nerve head. Screening C-IMT and CPS with 
carotid artery ultrasound might be useful in the evaluation of potential NAION, in 
particular among those patients with risk factors for carotid artery atherosclerosis. 
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Figure 
Fig. 1 Doppler imaging and the ipsilateral fundus photographs of a typical patient 
with unilateral non-arteritic anterior ischaemic optic neuropathy (NAION) in the left 
eye. a the intima-media thickness of common carotid artery (C-IMT) of the affected 
side; b the C-IMT of the healthy side; c the carotid artery plaque of the affected side, 
the arrow indicates the carotid artery plaque of maximum thickness; d the fundus 
photograph of the affected eye; e the fundus photograph of the healthy eye 
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Table 1  Participant’s characteristics of the patients with NAION and the controls (Data was 
presented as Mean (SD), otherwise as noted.)  
 
Characteristics All    
(n=192) 
NAION 
(n=48,25%) 
(1) 
Hypertension 
(n=46,24%) 
(2) 
Normal 
(n=98,51%) 
(3) 
P value 
for 
(1)vs.(2)† 
P value 
for 
(1)vs.(3)†   
Clinical data       
Age 56.9 (10.8) 56.7 (11.9) 56.5 (9.25) 57.3 (10.9) 1.000 1.000 
Male, n (%) 92 (47.9) 19 (39.6) 24 (52.2) 49 (50.0) 0.444 0.474 
BMI 23.1 (3.00) 23.6 (3.35) 22.8 (2.74) 23.0 (2.93) 0.328 0.443 
SBP 127.9 (15.1) 135.6(16.3)  134.8 (15.7) 120.8(10.0) 1.000 <0.001 
DBP 73.5 (8.05) 74.9 (7.96) 75.9 (8.21) 71.7 (7.68) 1.000 0.046 
Laboratory data      
CHO 5.16 (0.86) 4.93 (0.93) 5.26 (0.66) 5.22 (0.89) 0.129 0.122 
LDL 3.22 (0.69) 3.07 (0.86) 3.36 (0.66) 3.22 (0.61) 0.087 0.429 
HDL 1.29 (0.31) 1.24 (0.31) 1.39 (0.30) 1.26 (0.31) 0.034 1.000 
TG 1.33 (0.59) 1.42 (0.61) 1.30 (0.56) 1.30 (0.59) 0.593 0.502 
FBG 5.22 (0.59) 5.19 (0.63) 5.12 (0.54) 5.28 (0.59) 1.000 0.775 
UA 293.8(58.4) 305.2(66.4) 286.1 (62.8) 291.8(51.5) 0.226 0.383 
Vascular data           
BD 3.58 (0.55) 3.54 (0.51) 3.70 (0.62) 3.55 (0.53) 0.351 1.000 
C-IMT* 0.80 (0.22) 1.00 (0.23) 0.83 (0.17) 0.69 (0.16) <0.001 <0.001 
C-IMT§ 0.76 (0.18) 0.83 (0.19) 0.83 (0.17) 0.69 (0.16) 1.000 <0.001 
CPS, n (%)     0.001 <0.001 
0 123 (64.1) 13 (27.1) 31 (67.4) 79 (80.6)   
1 36 (18.7) 16 (33.3) 7 (15.2) 13 (13.3)   
2 22 (11.5) 14 (29.2) 3 (6.52) 5 (5.10)   
3 11 (5.73) 5 (10.4) 5 (10.9) 1 (1.02)   
SD, Standard deviation; NAION, non-arteritic anterior ischaemic optic neuropathy; BMI, body mass index; BP, 
blood pressure; SBP, systolic blood pressure, DBP, diastolic blood pressure; CHO, cholesterol; HDL, high-density 
lipoprotein; LDL, low-density lipoprotein; TG, triglyceride; FBG, fasting blood glucose; UA, Uric Acid; BD, 
Baseline diameter; C-IMT, intima-media thickness of the common carotid artery; CPS, carotid artery plaque score 
* Data for the side with NAION was reported. 
§ Data for the unaffected side of the NAION patient was reported.  
† Logistic regression for sex, ordinal logistic regression for carotid artery plaque score and One-way ANOVA for 
other variables were used for multiple comparisons. The P values were presented with Bonferroni correction. 
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Table 2  Multinomial logistic regression of potential factors on the presence of NAION compared with 
the Hypertension and Normal group 
Variable Hypertension as Reference*  Normal as Reference* 
OR (95% CI) P value  OR (95% CI) P value 
SBP    1.07 (1.03, 1.12) 0.001 
HDL 0.11 (0.02, 0.58) 0.009    
C-IMT† 45.0 (3.86, 525.8) 0.002  2351.4 (145.6, >9999) <0.001 
CPS      
0 Reference   Reference  
1 3.78 (1.15, 12.4) 0.028  5.71 (1.67, 19.5) 0.006 
2 8.84 (1.91, 40.8) 0.005  11.4 (2.46, 52.4) 0.002 
3 2.66 (0.56, 12.6) 0.218  21.5 (1.81, 254.7) 0.015 
OR, Odds ratio; BMI, body mass index; BP, blood pressure; SBP, systolic blood pressure, DBP, diastolic blood 
pressure; CHO, cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglyceride; FBG, 
fasting blood glucose; UA, Uric Acid; BD, Baseline diameter; C-IMT, intima-media thickness of the common carotid 
artery; NAION, non-arteritic anterior ischaemic optic neuropathy; CPS, carotid artery plaque score 
† Data for the side with NAION was used. 
* Variables with P<0.05 in simple regression were included in the multiple regression model. 
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Figure a Click here to download Figure CIMT -AFFECTED-a.jpg 
Figure b Click here to download Figure CIMT OF THE HEALTHY SIDE-b.jpg 
Figure c Click here to download Figure cps-c.jpg 
Figure d Click here to download Figure affected eye -d.jpg 
Figure e Click here to download Figure healthy eye -e.jpg 
